Thawed ram spermatozoa were incubated at 37
• C in presence of dehydroascorbic acid (DHA), TEMPOL 18 (TPL), N-acetyl-cysteine (NAC) and rutin (RUT), at 0.1 and 1 mM, in order to test their effects on sperm 19 physiology. Cryopreserved spermatozoa from four rams were thawed, pooled, washed and incubated in 20 TALP-Hepes with 1 mM or 0.1 mM of each antioxidant, performing a replicate with induced oxidative 21 stress (Fe 2+ /ascorbate). Motility (CASA), viability and mitochondrial membrane potential (flow 22 cytometry) were analyzed at 2 and 4 h. Lipoperoxidation (MDA production), intracellular ROS and DNA 23 status (TUNEL) were analyzed at 4 h. Antioxidants, except DHA 0.1 mM, decreased motility and 24 kinematic parameters, but had little effect on viability or mitochondrial activity. Except 1 mM DHA, the 25 antioxidants reduced ROS at 4 h. Moreover, NAC 1 mM, rutin and TEMPOL reduced ROS and DNA 26 damage in presence of oxidative stress. NAC, rutin 1 mM and TEMPOL reduced lipoperoxidation in 27 presence of oxidative stress. However, DHA did not affected lipoperoxidation. At 1 mM, DHA increased 28 DNA damage in absence of oxidative stress. DHA effects could arise from spermatozoa having a low 29 capacity for reducing it to ascorbic acid, and it may be tested in presence of other antioxidants or 30 reducing power. Future research should focus in testing if the inhibition of motility observed for NAC, 31 rutin and TEMPOL is reversible. These antioxidants might be useful at lower temperatures (refrigerated 32 (Salamon and Maxwell, 2000) , and possibly its ability to migrate to the oviduct, which explains the 43 requirement of laparoscopic AI to achieve acceptable results when using cryopreserved semen in sheep. 2007). In this study, we have tested the effect of several antioxidants on ram sperm quality, following an 49 in vitro design that we used previously in red deer (Domínguez-Rebolledo et al., 2010). Such a test was 50 designed as a preliminary step to study the physiological changes of spermatozoa upon being submitted 51 to the antioxidants at 37
• C and to uncover toxic effects. 52
The antioxidants TEMPOL, N-acetyl-cysteine (NAC), rutin and deydroascorbic acid (DHA) were 53 used in our experiment. TEMPOL has been tried for the refrigerated storage of ram spermatozoa (Mara 54 et al., 2005), apparently improving the conservation of sperm quality and the in vitro fertility. However, 55 addition of DHA to cell media could increase intracellular ascorbic acid more efficiently than the addition 80 of ascorbic acid itself, due to the preference of GLUT transporters for the oxidized form. 81
In this study, we tested these four antioxidants during a 4-h incubation at 37
• C and at 0.1 and 82 1 mM. The main objective of the study is to identify the physiological changes that the antioxidants 83 F  o  r  P  e  e  r  R  e  v  i  e  w 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w egg yolk and 4% glycerol. The sample was then refrigerated to 5
• C for two hours. Samples were packed 115 into 0.25-mL plastic straws and equilibrated for 1 h at 5
• C. Then, the straws were frozen using a 116 programmable biofreezer (Kryo 10 Series III; Planer plc., Sunbury-On-Thames, UK) using a rate of 117 -20
• C/min down to -100
• C. The straws were kept in liquid nitrogen containers. For each experimental 118 session, one straw per male was thawed in a water bath at 37
• C for 30 s. The contents of the four straws 119
were pooled and diluted with three volumes of TALP-Hepes. After centrifugation (600×g for 5 min), the 120 supernatant was discarded, and the pellet was slowly resuspended in TALP-Hepes up to 121
30×10
6 cells/mL. The washed pool was assessed (motility, membrane and mitochondrial status, DNA, 122 lipoperoxidation and ROS) ten minutes after washing. 123
Experimental design 124
The experiments followed a factorial design. In all experiments, the washed pool was split among nine 125 tubes. Eight of them were supplemented with either 1/100 of the 100 mM solution (1 mM final) or the 126 10 mM solution (0.1 mM final) of each antioxidant: TEMPOL, N-acetyl-cysteine (NAC), rutin or 127 dehydroascorbic acid (DHA). The ninth tube was used as control (no antioxidant). All the experiments 128 were replicated seven times. Half of the volume of each tube was passed to another series of tubes, which 129 were submitted to oxidative stress by adding 1/100 of the oxidant solution (100 µM of FeSO 4 and 130 500 µM of sodium ascorbate). The tubes were incubated at 37
• C and analyzed at 2 h and 4 h. 131
Sperm motility assessment 132
The motility of the tubes without oxidative stress was assessed at 2 and 4 h. Sperm were diluted down to 133
10-20×10
6 spermatozoa/mL and loaded into a Makler counting chamber (10 µm depth) at 37 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 After 2 h of incubation, DHA and rutin at 1 mM decreased significantly these parameters, but at 4 h, NAC 225 at 0.1 and 1 mM increased significantly both parameters above the control, and rutin 0.1 mM increased 226 the proportion of viable spermatozoa. These changes were small, 4 points less for 2 h and 5 points more 227 for 4 h, on average. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Our results support that, for NAC, rutin and TEMPOL, the inhibition of motility could be due to 268 excessive ROS scavenging, rather than to a direct toxic effect. Toxicity would have expressed in the form 269 The effect of DHA was different to the other antioxidants tested. At 0.1 mM, it reduced 305 intracellular ROS in the absence of oxidative stress, while not affecting motility (except for a slight 306 decrease of ALH at 2 h). Nevertheless, its ROS scavenging effect seemed weak, not having effect in the 307 presence of oxidative stress, nor reducing lipoperoxidation and DNA damage. However, at 1 mM, DHA 308 not only had a strong effect on motility, but also affected sperm functionality, did not reduce intracellular 309 ROS nor lipoperoxidation, and induced a small increase in DNA damage in samples incubated without 310 oxidative stress. These paradoxical results could be explained considering that DHA needs to be reduced 311 to ascorbic acid upon entering the cell (KC et al., 2005) in order to contribute to the antioxidant pool. 312
However, the mammal spermatozoon has a very reduced cytoplasm, and seems to have a limited capacity 313 to regenerate antioxidants to its reduced form (Bilodeau et al., 2001 ). In these conditions, DHA may enter 314 in the sperm cytoplasm efficiently, but its usefulness as an antioxidant would be very limited due to its 315 slow reduction to ascorbic acid. Therefore, it may be acting as a pro-oxidant if applied at high 316 concentrations. 317
In conclusion, NAC (at 1 mM), TEMPOL and rutin showed a strong antioxidant activity, 318 accompanied by a high capacity for protecting sperm DNA in presence of oxidative stress. It is necessary 319 to test if the inhibition of motility observed in our experiment is transient or irreversible, and how these 320 antioxidants affect sperm physiology in other conditions (especially in refrigerated or frozen storage). We 321 have to consider that we incubated the spermatozoa at 37
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